The specific binding of 125I-1abelled [D-Ser(tBu)6,des-GlyNH21OJ LHRH ethylamide (LHRH-A) to testicular intertubular cells fractionated on Percoll density gradients was investigated. The greatest binding per cell occurred in the density region which contained the largest proportion of Leydig cells (sp. gr. 1·0820-1·0585). Autoradiographs of the cells from this region confirmed that silver stains were predominantly located over the Leydig cell, significantly (P < 0·01) more grains were observed over this cell type in the total binding fractions than in the non-specific binding fractions. However, 5·9% of cells other than Leydig cells (testicular macrophages and indeterminate connective tissue cells) from this region also displayed significant disp1aceable binding (P < 0·01). The location of e 25 IJLHRH-A binding to cells in other density regions, which did not contain identifiable Leydig cells, could not be established by autoradiography. These results confirm that the Leydig cell possesses LHRH receptors, but also indicate that other testicular cells have specific, highaffinity binding sites for LHRH-A, and may either be responsive to direct stimulation by LHRH, or may partially mediate the effects of LHRH and its agonists on Leydig cell function.
Introduction
The intertubular cell fraction of the collagenase-dispersed rat testis possesses receptors which have similar binding affinities and specificity for LHRH and LHRH analogues to the high-affinity anterior pituitary LHRH receptor (Bourne et al. 1980 ; Clayton et al. 1980 ; Lefebvre et al. 1980 ; Perrin et al. 1980 ; Sharpe and Fraser 1980) . The Leydig cell has been assumed to be the cellular location of the testicular LHRH receptor because the direct actions of LHRH and its agonists on the rat testis involve alterations in Leydig cell function (Arimura et al. 1979 ; Bambino et al. 1980 ; Sharpe and Cooper 1982; Hsueh et al. 1983) , and specific binding of a fluorescence-labelled LHRH agonist to collagenase-dispersed Leydig cells purified on Percoll density gradients has recently been reported (Hazum and Keinan 1984) . However, collagenase-dispersed preparations of rat testicular intertubular cells contain a number of cell types derived from both the intertubular tissue and seminiferous tubules, and there is no direct evidence that the Leydig cell is the only cell type possessing LHRH receptors in such preparations. Following fractionation of rat intertubular cell preparations on Percoll density gradients, Hunter et al. (1982) demonstrated three bands of cells which specifically bound both 125I-labelled human chorionic gonadotrophin (hCG) and the potent LHRH agonist, 125I-labelled [D-Ser(tBu)6,des-GlyNH 2 1O ]LHRH ethylamide (LHRH-A). The greatest binding of [ 125 I]LHRH_A per cell was observed in a band which contained 85-95% Leydig cells; however, the specific binding of [125I]LHRH-A to unidentified cells in several density gradient fractions might also suggest that other cells in testicular intertubular cell preparations possess LHRH receptors. In order to investigate the cellular distribution of the testicular LHRH receptor, it was proposed in the following study to fractionate rat intertubular cell preparations on Percoll density gradients and to localize the binding of [ 125 I1LHRH-A to morphologically identified cells, by autoradiographic techniques.
Materials and Methods

Animals
Adult (90-day-old) male rats of the Sprague-Dawley strain were obtained from the Monash University Central Animal House.
Reagents
LHRH-A was kindly supplied by Dr Jurgen Sandow (Hoescht AG, West Germany). Radioiodine (Na I25 1) was obtained from Amersham, U.K. Collagenase (type I) and bovine serum albumin (BSA) were obtained from Sigma (St Louis, MO). Percoll was obtained from Pharmacia (Uppsala, Sweden).
Iodination of LHRH-A
LHRH-A was iodinated by the lactoperoxidase procedure as described by Nett and Adams (1977) . Mono-iodinated LHRH-A was separated from di-iodinated LHRH-A, unreacted LHRH-A and free 125 1 by fractionation on a Sephadex G25 (pharmacia) column (1·25 by 43 cm) at 4°C using 0·1 M acetic acid, 0·25 % (w/v) BSA as elution buffer. The specific activity of the mono-iodinated tracer, determined from self-displacement curves in an anterior pituitary homogenate radioreceptor assay using unlabelled LHRH-A as standard (Marshall and Odell 1975) , was 44 MBq/J.!g.
Percoll Density Gradient Fractionation
Intertubular cells were fractionated using Percoll density gradients by a modification of the method of Shumacher et al. (1978) . In each experiment, testes from three adult rats were decapsulated and dispersed in Hank's balanced salt solution (BSS) containing 6 mg collagenase (type I) and O· 1% (w/v) BSA (2 ml per testis) in a shaking water bath (34°C, 12 min) at 100 cycles/min. The dispersed testes were filtered through three layers of gauze (two of 120 J.!m mesh and one of 80 J.!m mesh) and rinsed with 20 ml Hank's BSS. The filtrate, containing intertubular cells, was centrifuged (170 g, 5 min) and washed again before resuspension in Hank's BSS.
In order to assess the [ 125 11LHRH-A binding profile, the intertubular cell preparation was separated into two equal fractions and incubated (45 min, 21°C) with [ 125 11LHRH-A (I x 10 6 cpm) alone, to assess total binding, or with excess unlabelled LHRH-A (I ·0 J.!M), to assess non-specific (non-displaceable) binding (Sharpe and Fraser 1980) . The two cell fractions were then applied to linear 0-77% Percoll density gradient and centrifuged (800 g, 20 min). Gradient fractions were collected and assessed for [l 25 11LHRH-A content using a Gamma counter (Model 1260 LKB-Wallac-AB, Bromma, Sweden).
The refractive index was used as a measure of the specific gravity of each fraction and cell fractions were pooled to give four density regions (designated I-IV) that could be compared from profile to profile as previously established by Laws et al. (1985) . The cell content of each pool was determined by counting the nucleated cells in a haemocytometer.
Morphological and Autoradiographic Studies
In order to determine which cell types bound [ 125 11LHRH-A, the pooled total binding and non-specific binding fractions from each density region were processed for light microscopy and autoradiography. Cells from each pool were washed by the addition of an equal volume of Hank's BSS and centrifuged Sections of the entire pellets I J.!m thick were cut using a Reichert OM U3 ultramicrotome and transferred to clean glass slides. Slides were dipped in Ilford L4 nuclear emulsion, diluted 1 : I with distilled water, and air-dried. The following controls were also included: (a) sections which had been exposed to light following application of emulsion; and (b) non-radioactively labelled tissue. All slides were stored in light-proof boxes at 4°C and removed for development (Dektol; Kodak) at 4, 9 and 12 weeks after application of emulsion. Following washing and fixing, the sections were stained in 1% (w/v) 
The cell types present in sections from density regions I-IV were examined using a Leitz orthoplan microscope. A x 40 objective, eyepiece of x 12·5 magnification and an eyepiece graticule containing a square lattice of 441 points were used to determine the total numbers of each cell type. and the number of silver grains appearing directly over each cell within the grid were determined. Five or six sections were examined and approximately 1100 cells per fraction were counted. Photomicrographs were taken with an Orthomat camera attachment.
Results Q)
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Morphological Identification of Cells
Following fractionation of collagenase-dispersed intertubular cell preparations on Percoll density gradients, the cell profile was divided into four density regions. The cell types present in each density region were identified by light microscopy:
( [
125IJLHRH-A Binding Profiles
Fractionation of intertubular cell preparations pre-incubated with [ 125 I1LHRH-A (total binding) or with [ 125 I1LHRH-A in the presence of unlabelled LHRH-A (nonspecific binding) gave profiles which consistently displayed specific binding (total minus non-specific binding) in all four density regions (Fig. 1) . The results from three profiles were analysed with respect to both the numbers of cells and [ 125 I1LHRH-A binding ( Table 1) 
Autoradiographical Analysis
Nucleated cells in region I were identified as Leydig cells (62·4% of cells present) or other cell types (macrophages or connective tissue cells; 37·6% of cells present) by light microscopy. At 4 weeks after exposure to emulsion, few silver grains were observed, but appreciable grains were present at 9 and 12 weeks. Tissue sections exposed to emulsion for 12 weeks were chosen for analysis. Silver grains were localized predominantly over Leydig cells in region I (Fig. 2A) , with less grains appearing over Leydig cells which had been pre-incubated with [125I1LHRH-A in the presence of 1·0 M unlabelled LHRH-A (Fig. 2B ). Grains were also observed over macrophages and connective tissue cells in these sections (not shown). Typical autoradiographic grains are circled in Fig. 2A .
The number of each cell type and the number of grains appearing over each cell type in sections from region I were quantitated (Fig. 3a) . Although the numbers of grains appearing over Leydig cells in region I (total binding fraction) were small (range: 1-15 grains per cell), grain counts revealed a mean total binding to these cells of 1·59 ± 0·08 (mean ± s.e.m.; n = 663 cells), which was significantly greater (3·5-fold; P < 0·001) than the mean number of grains per Leydig cell in the nonspecific binding fraction (0·45 ± 0·04; mean ± s.e.m., n = 724 cells). (Fig. 3b) . Separate analyses of grain counts for each cell type were not undertaken, due to the fact that it was not always possible to clearly differentiate these two cell types from one another at the light microscope level. However, labelling was most prominent over cells which could be clearly identified as macrophages. Grain counts revealed a mean total binding of 0·24 ± 0·04 (mean ± s.e.m.; n = 461 cells) which was significantly greater (2·0-fold; P < 0·01) than the mean number of grains per cell in the nonspecific binding fraction (0· 12 ± 0·03; mean ± s.e.m.; n = 375 cells). 5·9% of these cells in the total binding fraction had grain counts greater than the mean plus two standard deviations (1 . 18 grains per cell) of grains over cells exposed to excess unlabelled LHRH-A.
Electron particles emitted by 125 1 have a relatively long track length (7 /-tm) and the number of grains per cell in each fraction may be slightly underestimated as the result of 'scattering' of silver grains beyond the cell cross-section (Rogers 1973) . However, silver grains appeared predominantly over the cell cytoplasm, few grains being observed outside the periphery of these cells, suggesting that the labelling was principally due to [ 125 11LHRH-A which had been internalized following binding to the LHRH-receptor (Hazum and Keinan 1984) . The scattering effect makes it impossible to determine the subcellular location of [ 125 11LHRH-A in these sections, or to establish what proportion of label remained bound at the plasma membrane of the cell.
As the binding of [ 125 11LHRH-A to testicular macrophages was saturable, the binding to this cell type in region I was not simply due to uptake of the label by phagocytosis. However, the peak of non-saturable binding in region II (Fig. 1 ) may be the result of both macrophage activity and non-specific interactions between [ 125 11LHRH-A and the large number of cells present in this region.
The specific labelling of cells from regions II and III which was indicated by the [ 125 11LHRH-A binding profiles could not be confirmed by autoradiography ( Figs 2C-2F ) due to the small number of grains per cell in these sections, even after 12 weeks exposure to emulsion. The small number of grains observed per cell was consistent with the observation that the binding of [ 125 11LHRH-A per cell was substantially less in these sections than in region I.
Discussion
Radiolabelled LHRH agonists bind to the plasma membrane of rat testicular intertubular cells via a single class of high-affinity receptors which are similar in specificity to the high-affinity anterior pituitary LHRH receptor (Bourne et al. 1980; Clayton et al. 1980; Lefebvre et al. 1980; Perrin et al. 1980; Sharpe and Fraser 1980) . It has been demonstrated that blocking the testicular receptor with potent LHRH antagonists prevents both the inhibitory action of LHRH on hCG-stimulated testosterone production by long-term cultures of testicular cells (Hsueh et at. 1983) and the direct stimulatory effect of LHRH agonists on testosterone production in vivo (Sharpe et at. 1983) , indicating that the primary function of the testicular LHRH receptor is to mediate the direct effects of LHRH and its agonists on testicular steroidogenesis. However, the physiological role of this receptor remains to be fully elucidated.
In the present study, the highest concentration of [ 125 11LHRH-A binding to testicular intertubular cells fractionated on Percoll density gradients occurred in a density region which also contained the largest proportion of Leydig cells, as has been reported previously (Hunter et al. 1982 (a) binding to Leydig cells, present in very small numbers throughout the density gradient as a result of changes in density and morphological characteristics, presumably caused by damage during the isolation and fractionation techniques, or (b) binding to other cell types, including macrophages, connective tissue cells and germ cells, in these regions.
Low-affinity, high-capacity binding sites for both LHRH and LHRH-A are present in membrane preparations of anterior pituitary cells (Clayton et al. 1979) , but there do not appear to be low affinity binding sites for LHRH-A in the testis (Clayton et al. 1980; Sharpe and Fraser 1980) . Therefore, the observed binding of following fractionation by SDS-polyacrylamide gel electrophoresis, although the testis preparation contains an additional labelled band of apparent molecular weight 54000 (Hazym and Keinan 1984) . This polymorphism of the testicular LHRH-receptor could be an artefact produced by the activity of testicular peptidases not found in the anterior pituitary. Alternatively, the dual receptor may represent differences in synthesis and/or processing of the LHRH receptor among more than one testicular cell type present in the Percoll purified Leydig cell fraction, as suggested in the present study. Both peritoneal and luteal macrophages stimulate granulosa cell progesterone secretion in co~culture, communication between the macrophage and granulosa cell possibly involving both cytoplasmic and plasma membrane-bound proteins (Kirsch et al. 1981 (Kirsch et al. , 1983 . In the testis, follicle-stimulating hormone (FSH) has the capacity to stimulate LH receptor numbers in the hypophysectomized rat and stimulates testicular steroidogenesis in vivo and in vitro, while concomitant treatment with an LHRH agonist prevents these actions of FSH (Hsueh and Erickson 1979; Bambino et al. 1980) . As the Leydig cell does not possess FSH receptors, the effect of FSHon Leydig cell function could be mediated via another cell type which does have FSH receptors such as the Sertoli cell. However, purified testicular, but not peritoneal, macrophages respond to FSH stimulation in vitro by increased lactate production, protein secretion and accumulation of cAMP (Yee and Hutson 1983) . Moreover, these cells also bind [ 125 I]FSH (Orth and Christensen 1977) . Thus, the testicular macrophage appears to possess both FSH and LHRH receptors, suggesting that this cell may represent one site of action for the 'LHRH-sensitive' effects of FSH on the Leydig cell, mediated by local transmitter substances similar to those produced by ovarian macrophages. Furthermore, Jackson et al. (1984) have reported that testicular macrophages may possess hCG receptors, so that macrophages may even be able to respond directly to hCG stimulation. These observations suggest a possible involvement of macrophages in testicular steroidogenesis, and that some of the effects of LHRH and its agonists on steroidogenesis may involve the testicular macrophage as an intermediary cell.
LHRH agonists induce an increase in testicular blood flow in adult hypophysectomized rats (Damber et al. 1984 ) and a unilateral decrease in intertubular fluid volume when injected directly into one testis of the intact rat, the latter effect being prevented by concurrent injection of an LHRH antagonist (Sharpe et al. 1983 ). These actions may be mediated indirectly via the Leydig cell, or may be due to a direct effect of LHRH agonists on the testicular vasculature and/or lymphatics. However, the observation that connective tissue cells, which presumably includes both lymphatic and vascular endothelial cells, may possess LHRH receptors supports the latter possibility.
The presence of LHRH-receptors on seminiferous tubule cells has also been suggested by the observation that LHRH immunoactivity in paraffin-embedded sections of rat testis is distributed over both the Leydig cell cytoplasm and the nuclei of spermatogonia (Paull et al. 1981) . As it is unlikely that LHRH is synthesized within the nucleus, this distribution of activity could indicate that both the Leydig cell and the spermatogonium represent target sites for LHRH. Consequently, this suggests that the specific binding of [125I]LHRH-A to region III of the density gradient, which contained predominantly germ cells, may have been due to germ cell LHRH receptors.
In conclusion, this study confirms that the Leydig cell possesses LHRH receptors, and that it appears to be the principal source of the receptor. In addition, this study raises the possibility that LHRH receptors are found on several testicular cell types, apart from the Leydig cell, and that LHRH may have multiple sites of action at the testicular level.
